Community sense of ownership for rural water infrastructure is widely cited as a key factor in ensuring sustainable service delivery, but no empirical investigation has evaluated the relationship between sense of ownership and sustainability outcomes. This study examines the association between system sustainability and sense of ownership among households and water committees, using primary data collected throughout 50 rural communities with piped water systems in Kenya.
INTRODUCTION
Rates of access to domestic water services in rural sub-Saharan Africa (SSA) are among the lowest worldwide, with approximately 1 in 2 rural dwellers, or 278 million people in total, lacking access to an improved water source ( Joint Monitoring Programme a). Africa is the only developing region that is not predicted to meet the Millennium Development Goal for water supply, having made limited progress in expanding access as compared to the rest of the developing world. One reason for the slow rate of progress is that installed water infrastructure regularly fails before the end of its design life. Indeed, it has been estimated that some 30% of water and sanitation facilities in sub-Saharan Africa do not function properly ( Joint Monitoring Programme ), and many fail prematurely (Kleemeier ) . communities reported that the system was owned by the community itself, whereas households in low performing communities were usually unclear about who owned the system, or reported that the government is the owner (Madrigal et al. ) . A sense of ownership, it is argued, contributes to users' willingness to operate, use and maintain their water system properly over the long term (Yacoob ) .
However, to date there has been no direct investigation of the role that community members' sense of ownership for rural water infrastructure plays in determining system performance outcomes. Further, in discussions of sustainability and sense of ownership, virtually all accounts refer simply to 'community' sense of ownership, with the implicit assumption that all community members hold similar feelings of ownership for the water system (Yacoob ; Nauges & Whittington ; Whittington et al. ; Nayar & James ). The potential for heterogeneous feelings of ownership among different groups within one community is overlooked in the rural water planning literature, as is the possibility that sense of ownership by particular groups may be more important than others in terms of water supply sustainability.
Insights from related fields, such as common pool resource management and rural development, suggest that community heterogeneity does influence outcomes in important ways (Agarwal ; Pagdee et al. ) . It would thus seem that exploring the relationship between sense of ownership and water system performance could benefit from disaggregating the community into sub-groups whose ownership feelings might differ from one another, and might have distinct relationships with water system sustainability.
In this study, the association between sustainability of piped water systems and community members' felt sense of ownership for these systems is explored across 50 communities in rural Kenya. Specifically, we test the hypothesis that sense of ownership among households matters most in terms of predicting sustainable outcomes for the piped systems. Sense of ownership is defined as a psychological state in which individuals feel as if their community's water supply system is 'theirs' (Pierce et al. ; Marks & Davis ) . Sustainability of sampled water systems is measured across three dimensions: the physical condition of the infrastructure, users' satisfaction with and confidence in their water supply service, and the extent to which water committees and system operators fulfill their responsibilities for system upkeep and service reliability. Sense of ownership for the water system is measured through surveys of household and water committee members as described below.
Following this introduction, we describe the study site, sample frame development, and data collection methodologies employed for the investigation. Next, we describe community, water system, and household characteristics. We then present our methodology for creating composite measures of sustainability, as well as of households' and water committee members' sense of ownership for their water system. Findings show that infrastructure condition is positively associated with water committee sense of ownership, whereas system management and users' confidence are positively associated with households' sense of ownership. We conclude with discussion of these findings. Additional analyses related to the association between water committee and household sense of ownership are provided in the Supplemental Material, available online at http://www.iwaponline.com/washdev/003/098.pdf.
METHODS: STUDY SITE AND DATA COLLECTION METHODOLOGY
The study employs a cross-sectional research design using primary data collected from 50 rural communities in the Central, providers (Republic of Kenya ). Consistent with the broader literature on water supply services, the strategy identifies 'limited community ownership of the water system' as a key explanation for the country's historic challenges with sustainability of its rural water infrastructure.
Sample frame
The study made use of data collected during a separate investigation focused on the productive use of domestic water supplies in rural communities (Davis et al. ) . Key sector informants helped to identify three provinces in Kenya with a substantial number of piped systems serving rural communities: Central, Eastern, and Rift Valley.
Within these provinces, 12 districts were randomly selected for inclusion in the study from all districts known to have at least 20 rural communities with piped water systems.
Within each selected district, piped water systems about which sufficient information could be obtained and that served a population of 500 to 8,000 people were included in the parent population from which the sample of study communities was drawn. From this parent population of 621 community water systems, 313 functional water systems were identified. The study team then drew a province-stratified random sample of 50 communities from this parent population ( Figure 1 ).
Forty-four of the 50 water systems included in the study sample served two or more distinct communities. In these cases, one community was chosen at random for the collection of primary data for the study. In each community, approximately 40 households were selected for in-depth interviews. Households were selected using systematic sampling (every nth household) after dividing the community into zones based on the layout of the water network and other water sources (e.g., handpumps, wells, rivers, and springs).
Given the purposive sampling approach used to identify province-and district-level sampling units, the findings 
Data collection strategy
Data collection activities took place during the period July-September 2009. In each community, a team of two or three qualified engineers assessed water system performance. Collected data were used to estimate hydraulic models of each system using EPANET, a software package developed by the Environmental Protection Agency to aid water utilities in managing piped distribution systems (US Environmental Protection Agency, Cincinnati, Ohio). Additional information about water system functioning was obtained through in-depth interviews with the system operator(s) and water committee members in each community. Respondents were asked for detailed information about their piped water system, their experience and training, as well as their sense of ownership for the systems they manage.
An in-person survey was also used to collect data from 1916 household interviews across the 50 communities.
Each survey was conducted with the male (29%) or female (66%) household head (in 5% of interviews, both were present). In addition to their attitudes of ownership toward the system, respondents were asked about their household's water supply services; participation in planning and construction of their water system; and socioeconomic and demographic characteristics of their household. An average of 38 households were interviewed within each community.
As the unit of analysis in this study is the community, household survey data is aggregated to mean or median values for each community.
Survey instruments were developed through an intensive and iterative process, and were pre-tested in two communities that were not ultimately included in the study. The median length of an interview was 91 minutes. All interviews were carried out in the participants' preferred language (Kiswahili, Kikuyu, Kalenjin, Meru, or Kamba). Field teams spent three to four days in each community completing all data collection activities.
FINDINGS: COMMUNITY, WATER SYSTEM, AND HOUSEHOLD CHARACTERISTICS
The study communities include a median of 538 households and 4011 residents. A primary and secondary school exists within 72% and 32% of the sampled communities, respectively; 24% have a health clinic. The mean distance from the community centre to the nearest all-weather road is 2 km, and the mean distance to the nearest market is 6 km.
Piped water systems
The majority (53%) of sampled communities are served by a mix of public kiosks and private yard taps (Table 1 ). In 12% of the study communities the water system delivers water to public kiosks exclusively; in another 35% water is delivered through private yard or home taps exclusively. Half of the systems draw groundwater from a deep borewell using a pump-motor unit (pumped systems); the other half are gravity fed from surface sources such as rivers, springs, or reservoirs. The age of sampled water systems ranges from less than one year to 64 years, with a median of 9.5 years since construction. Forty percent of water systems charge users a flat fee each week or month; 12% charge by volume; and 46% use both tariff structures (one community does not charge users for water supply service).
As a result of the dispersed settlement patterns in the study region, piped water services reach only about 60% of households in each community. Even for those For gravity flow systems, service interruptions were most commonly caused by breaks or blockages in the distribution system.
Water system management
Each community has a water committee, consisting of three to eight members, that is responsible for the finan- 
Water system sustainability
For each sustainability dimension, composite scores were created using data from the water committee, household, and system operator interviews, as well as from the engineering assessments (Table 2) . Principal components analysis (PCA) was used to identify the orthogonal linear combinations of variables that explain the maximum amount of variance among a set of system sustainability indicators (Filmer & Pritchett ) . Three such combinations (components) were identified through the PCA. The authors ascribed an underlying construct related to water system sustainability to each of the three sets of indicators:
infrastructure condition, user confidence, and system management. Each of these composite measures is further described below.
The infrastructure condition score for each water system is based on (a) a four-point scale that summarises the structural condition of its tanks, pipe junctions, and intake (as judged by study team engineers); (b) the number of days required to resolve the last service interruption lasting one day or more (as reported by the system operator); and (c) the adequacy of preventative maintenance carried out, as represented by the ratio of annual operation and maintenance expenditures made by the water committee in the year prior to interview to the cost of running the system for one
year as estimated through the study team's engineering assessment.
The score for user confidence incorporates two variables from the household survey data: (a) the percentage of households reporting that they are satisfied with their water supply service, and (b) the percentage of households who said they were confident that their water system would still be operating one year following their interview. Finally, the score for system management is based on the number of (a) administrative tasks and (b) technical tasks that are currently being performed by the water committee and/or system operator, as well as (c) meetings convened by the water committee with community members or the district water office during the year prior to interview.
Weighted composite scores for the three sustainability dimensions were generated by PCA after normalising each observation by the mean and standard deviation of the variable for the full dataset. PCA was used to identify the linear combinations of the normalised variables that maximised the variance in the data. Weights (or 'loadings') for each variable were computed based on their relative contribution to the linear equation (Filmer & Pritchett ) . Composite scores were then converted to an index that ranges in value from zero to one, with higher values indicating more sustainable ratings (Formula (1))
where min and max refer to the minimum and maximum scores, respectively, among sample systems. Table 2 reports measures of central tendency and spread for each variable and composite measure. As is expected for principal components, which are orthogonal, composite measures are uncorrelated with one another.
Sense of ownership
To measure sense of ownership for the water system, households and water committee members were posed a set of Likert-style questions that probe perceptions and attitudes related to the water system (Table 3) The reduced model results are presented in Table 4 . All else held constant, households' sense of ownership is positively and significantly associated with user confidence in water services and sustainable water system management (Models 1 and 2, all p < 0.01). Water committee members' sense of ownership is positively associated with infrastructure condition, but only marginally significant (p ¼ 0.08).
Water projects that were initiated through communitylevel organising, rather than through the efforts of an exter- A number of other variables were tested and found not to be significantly associated with the outcome measures.
These indicators include water service features (e.g., ratio of taps to households, percentage of households using a secondary water source); socio-economic measures (e.g., household wealth, assets, education levels); committee characteristics (e.g., share of committee members that are women, recent training received); and community characteristics (e.g., distance from a major town centre).
DISCUSSION AND CONCLUSIONS
Sense of ownership is widely cited as a key factor in ensuring sustainability of water systems in rural areas of the developing world. To date, however, there has been limited investigation of the empirical referents of sense of ownership, and no known study of its contribution to sustainability outcomes. In addition, to the best of our knowledge, previous research has focused solely on Water project was community initiated (1) versus externally initiated (0) Under what conditions would investments in promoting a sense of ownership among users actually translate into more sustainable outcomes?
This study represents the first known attempt to measure sense of ownership empirically for two groups within rural communities with piped water supplies, and to investigate how these measures relate to sustainable outcomes for the system. Because of its cross-sectional design, this study is limited to identifying significant associations at a particular point in time; feedback loops may well exist between water system sustainability and sense of ownership that could be illuminated only through collection of longitudinal data.
Nevertheless, our findings suggest a relationship between community sense of ownership and system sustainability that is more nuanced than previously acknowledged in the literature. Improving understanding of both the drivers and consequences of ownership feelings can benefit the design of developing country rural water programmes, and can improve the long-term sustainability of investments in resource scarce settings.
